Introduction
Nanotechnology is a multidisciplinary field linked with different disciplines of science and technology like biology, chemistry, physics and engineering. It is the most fascinating branch of material science, which has ability to deal with the physical and chemical properties of materials by creating novel tiny structures with fundamentally novel properties and better functioning. These nanomaterials possess those desired features, which overcome the difficulties came across while dealing with the bulk Vol. 24, No. 12, 2013 materials. Nanotechnology works with the measured scale between individual molecules and 100 nanometer where materials possess different properties than bulk materials. Nanomaterials are helpful in solving the problems of technology related to electronics, 1 energy, 2 environment, 3 pharmacology, medicine 4 and agriculture science 5, 6 up to certain extent. One of the most valuable creations of nanotechnology is the metal nanoparticles, which form the basis of nanomaterials. Nowadays, the synthesis of nanoparticles is a fascinating area of research due to their unique physical, 7 chemical, 8 catalytic, 9 opto-electronic 10 properties and most importantly their larger surface areato-volume ratio. In fact, the development of reliable green protocols for the synthesis of nanoparticles over a range of chemical composition, size and high monodispersity are the challenging issues. 11 Chemical and physical synthesis methods of nanoparticles are capital-intensive, include toxic chemicals and show low bioactivity compared to biogenic synthesis. Therefore, the need for clean, ecofriendly, cost-effective and biocompatible synthesis of metal nanoparticles encouraged the researchers to utilize the biological resources as nanofactory. There are many reports of biosynthesis of metallic nanoparticles by using different prokaryotic microbes like bacteria 12 and eukaryotic cell system including actinomycetes, 13 yeasts, 14, 15 algae, 16, 17 plants 18 and fungi. [19] [20] [21] [22] [23] [24] [25] [26] Rai et al. 27 proposed the term "Myconanotechnology" for the research carried out on nanoparticles synthesis by fungal system. It is the interface between mycology and nanotechnology. 41 water purification, 42 medical science such as dental materials, [43] [44] [45] coating stainless steel in medical devices 46 and as potential antimicrobial and antimalarial agents. 47 So far, many fungi have been exploited for the synthesis of silver nanoparticles. It has been found that among all the biosystems, fungi have many advantages over the other systems because of their high tolerance towards the heavy metals, easy and simple scale-up method, easy biomass handling, recovery and economic viability. 24, 25, 34 Moreover, the synthesis being extracellular reduces the downstream processing cost. Hence, among all the biosystems, fungal system is the best for the biosynthesis of nanoparticles. Since antiquity, silver metal has been used in different ways such as, utensils and ornaments due to its unique antimicrobial nature. In addition, for centuries, silver in different forms such as silver nitrate, silver sulfadiazine, etc. has been used to treat the burns and chronic wounds sepsis, venereal diseases, perianal abscesses and in dental materials due to its antimicrobial properties while silver zeolite is used for surface coating to apply antimicrobial property to the materials, which are used for food preservation and disinfection of medical devices. Nanotechnology enhances the antimicrobial potential of silver by shaping it to nanoparticles. In this respect, they appear to be novel antimicrobial agents even against multi-drug resistant microorganisms. 24, [48] [49] [50] In the present study, we screened 11 different Fusarium species for the selection of species having high potential for the synthesis of silver nanoparticles.
Experimental

Isolation of different Fusarium species
Infected plant materials such as fruits, vegetable and food grains were collected from different places of India. Fusarium species were isolated from these materials on potato dextrose agar and incubated at 28 o C. These isolates were cultured, purified and maintained on potato dextrose agar (PDA) at 4 o C. Later, all the isolates were identified on the basis of cultural characteristics (type and growth rate of mycelia, dorsal and ventral colour of the colony, etc.), and microscopic characteristics (presence or absence of conidia, size of conidia, shape and septation of macroconidia, etc.) using Fusarium identification keys. 51, 52 Further, the identity of different Fusaria sp. was confirmed by ITS-rDNA sequence comparison.
Identification of Fusarium sp.
ITS-rDNA regions of 11 Fusarium species (one representative species from each of all 11 groups identified on the basis of morphological characters) were amplified by PCR using the primers ITS1 (5'-TCCGTAGGTGAACCTGCGG3') and ITS4 (5'-TCCTCCGCTTATTGATATGC-3') designed and synthesized from Chromous Biotech Pvt. Ltd, Banglore, India. Each PCR reaction mixture contained, 2X PCR master mix (12.5 Negative control (without template DNA) was maintained for each set of experiment to test for the presence of non-specific banding. All experiments were repeated for three times. PCR products were electrophoresed on 1.5 % agarose by using 1X TAE buffer (Fermentas Life Sciences, Canada), stained with ethidium bromide, visualised in a UV-transilluminator and the gel were photographed using Gel Doc system (AlphaImager, Gel documentation system, USA). After proper amplification PCR products were sent for sequencing to Chromous Biotech Pvt. Ltd, Banglore, India.
For the confirmation of preliminary identified isolates of Fusarium species, online Basic Local Alignment Search Tool (BLAST) analysis was carried out. After sequencing, ITS sequences were added into the test sequence window at online BLAST program, which provided results in the form of best matches with the available sequences in GeneBank.
Unweighted Pair Group Method with Arithmetic Mean analysis (UPGMA) was carried out from the ITS r-DNA sequences obtained to find out the similarity between each Fusarium species. The Numerical Taxonomy System of Multivariate Statistical Programme (NTSYS) software package was used to get the phenotypic cluster and phylogenetic tree stating the genetic relationship among the different species of Fusarium.
Synthesis of silver nanoparticles using Fusarium species
All the Fusarium species were inoculated in 250 mL Erlenmeyer flasks each containing 100 mL of potato dextrose broth (PDB) and later incubated at 26 ± 2 o C for 5-7 days. Mycelia thus grown were harvested by filtration through Whatman filter paper No.1 and thrice washed with autoclaved distilled water. Harvested mycelia were resuspended in 100 mL autoclaved distilled water and incubated at room temperature for 24 hrs. After incubation mycelia were collected by filtration through Whatman filter paper No.1 and the fungal debris was removed by centrifugation. Thereafter, the filtrates were treated with 1 mmol L -1 AgNO 3 and kept at room temperature for complete reduction. Only fungal cell filtrate (without treatment with 1 mmol L -1 AgNO 3 ) as positive control and 1 mmol L -1 AgNO 3 as negative control were maintained. All the experiments were performed in triplicate.
Characterization of Silver Nanoparticles UV-Visible Spectroscopy Analysis
The formation of silver nanoparticles was confirmed by the presence of plasmon band and analysed by UV-Visible spectrophotometer (Shimadzu-UV 1700, Japan) at resolution of 1 nm and scanning the absorbance spectra in 200-800 nm range of wavelength.
Nanoparticle Tracking Analysis (NTA)
The size of synthesized nanoparticles was measured by Nanosight (LM-20, UK) using Nanoparticle Tracking and Analysis (NTA-2.0) software. NTA gives the size distribution of nanoparticles, which can be traced out using particles by particles analysis. NTA depends upon the brownian movement of the nanoparticles. For the analysis, samples were diluted with the nuclease free water and 0.5 mL of diluted sample was injected onto the sample chamber and observed through LM 20 to measure the size of the nanoparticles.
Zeta potential measurement analysis
Surface charges acquired by nanoparticles in medium were measured by ZetaSizer instrument (Malvern Instruments Corp, UK) at 25 o C in polystyrene cuvettes with path length of 10 mm. The average nanoparticle size distribution was also measured by ZetaSizer (size by number) (Malvern Instruments Corp, UK).
Powder X-ray diffractometry (XRD)
The crystalline nature of silver nanoparticles was determined by powder X-ray diffractometry (XRD-XD3A, Shimadzu, Japan) equipped with nickel-filtered Cu-Kα radiation (40 KV, 30 mA) at an angle of 2θ from 5 o to 50 o . The scan speed was 0.02 degree / min and the time constant was 2 s. The particle size (Diameter D) was calculated from XRD peaks according to Scherrer's equation:
where D is the average crystal size, K is Scherrer's coefficient (0.89), λ is the X-ray wavelength (λ = 1.542 Å), θ is Bragg's angle (2θ = 25.1 o ), β cor is the correction of the full width at half-maximum (FWHM) in radians, and β sample and β ref are the FWHM of the reference and sample peaks, respectively.
Transmission Electron Microscopy (TEM)
To determine the size and morphological variation of silver nanoparticles synthesized by different Fusaria species, the TEM analysis was carried out using Carl Zeiss Vol. 24, No. 12, 2013 CEM-902 (80 KeV). For the examination of the silver nanoparticles, one drop of the particle dispersion diluted was deposited on carbon coated parlodion films supported in 300 mesh copper grids (Ted Pella).
Results and Discussion
We isolated eleven different Fusarium species from infected fruits, vegetables and food grains. These species were identified on the basis of cultural characteristics (type of mycelia, growth rate, dorsal and ventral colour of colony, etc.) and microscopic characteristics (presence or absence of conidia, size of conidia, septation in macroconidia, shape of macroconida, etc.) using Fusarium identification keys. 51, 52 Fusarium species produced three types of spores, i.e., microconidia, macroconidia and chlamydospores. 53 However, the presence of macroconidia is the most important characteristic that distinguishes Fusarium from other genera. Macroconidia are formed in sporodochium with shape of a moon crest (sickle shape) or a boat or banana with multiseptum. 54 and ITS regions were amplified using species -specific primers ITS1 (5'-TCCGTAGGTGAACCTGCGG-3') and ITS4 (5'-TCCTCCGCTTATTGATATGC-3'). PCR amplifications registered a sole fragment of approximately 550 bp identical for all Fusarium species on 1.5 % agarose gel after proper electrophoresis. The PCR product of the samples showing proper amplification were sent for ITS region sequencing to Chromous Biotech Pvt. Ltd. Banglore.
The expected 550 bp size of PCR product of ITS region was found to be slightly different after sequencing. The maximum size of sequence was found in F. proliferatum (511 bp) followed by F. graminearum (510 bp), F. tricinctum (502 bp), F. semitectum (498 bp), F. scirpi (496 bp) and F. culmorum (493 bp), while F. solani (492 bp) and F. moniliforme (492 bp) showed the similar size sequences followed by F. acuminatum (491 bp) and F. oxysporum (486 bp). However, the minimum size of sequence was reported in case of F. equiseti (485 bp).
All the above 11 sequences after complete validation were submitted to the European Molecular Biology Laboratory (EMBL) through their online submission procedure. None of the online available nucleotide databases have sequence of ITS-4 region of Fusarium. Therefore, EMBL accepted these sequences and assigned specific accession number to all these sequences. The details of sequences submitted to EMBL database and their accession numbers are given in Table S1 (in the Supplementary Information (SI) section) .
Later, the ITS-4 sequences thus obtained for all 11 Fusarium species were subjected to BLAST network service, so as to determine the homology. As the BLAST service is free and available online, the nucleotide sequences (ITS-4) were compared (aligned) with all the sequences available with nucleotide databases. Homology search were performed within the non-redundant databases of GeneBank using the BLAST algorithm at NCBI. 55 The resulting output showed the best similarity matches with the sequences available in databases. The BLAST results reported for all sequences of present study revealed that each sequence of 11 Fusarium species have homology with nucleotide sequences of same species present in the databases at different similarity level range between 98-100%. Each of the above tested Fusarium species showed the maximum hits with different strains of the same species. BLAST analysis confirmed that all the 11 groups of Fusarium species classified on the basis of morphological characters are similar to the identification by molecular markers (ITS rDNA sequence comparison).
Sequence based UPGMA analysis was carried out for the determination of genetic variation among the 11 Fusarium species. For the phylogenetic analysis of these species, initially multiple sequence alignment was carried out using a program Clustal-W available online. The alignment file, thus obtained was used for the construction of dendrogram using UPGMA tool of phylogenetic analysis program NTSYS pc. 2.02.
The UPGMA cluster analysis clearly grouped these species into 7 major clusters ( Figure 1 ) and established their relationship of similarity. Genetic relationship calculated in the form of similarity coefficient (Jaccard's coefficients) from the dendrogram showed high level of genetic similarity among all different species of Fusarium, which ranges from 0.00 to 0.04.
Cluster analysis obtained from the ITS-4 sequences clearly distinguished all the 11 Fusarium species in 7 different main clades. Of the 7 clusters, first clade includes 2 species-F. solani and F. equiseti having the similarity coefficient of 0.00. The second clade contains F. tricinctum and F. semitectum which also have similarity coefficient of 0.00 showing that these species are closely related to each other. The third clade represents only F. scirpi. The fourth clade includes F. moniliforme and F. oxysporum having similarity coefficient 0.02. Each of fifth and sixth clusters contain single F. culmorum and F. acuminatum species respectively. The last and seventh cluster found to have two Fusarium species (F. graminearum and F. proliferatum) having similarity coefficient of 0.01. The sequence based BLAST and phylogenetic analysis is found to be very significant for the rapid identification of Fusarium species.
All the above 11 species were screened for the synthesis of silver nanoparticles, which showed potential for the reduction of silver ions to silver nanoparticles. Colour change in the reaction mixture from yellowish to brown (Figure 2) indicates the formation of silver nanoparticles.
The colour change is due to plasmon resonance in silver nanoparticles. Interestingly in metal nanoparticles like silver, the electrons move freely owing to the close proximity of conduction and valence band. 56 The collective oscillation of electrons of silver nanoparticles in resonance with the light wave gives rise to a unique Surface Plasmon Resonance (SPR) absorption band which is also the origin of the observed colour. The absorption strongly depends on the chemical surroundings and particle size. [57] [58] [59] [60] Silver nanoparticles produced by different Fusarium species was characterized by UV-Vis spectrophotometer. All samples showed the absorption peaks at about 420 nm, which is specific for silver nanoparticles (plasmon band) (Figure 3 and Figure S1a -j in the SI section).
It is well known that there is a very close relationship between the UV-Vis light absorbance characteristics, size and shape of absorbate. Only single peak was recorded for each species indicating the formation of spherical nanoparticles. Furthermore, with the increase in the particle size, the optical absorption spectra of metal nanoparticles that are dominated by surface plasmon resonances (SPR) shift towards longer (red-shift) wavelengths.
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F. oxysporum demonstrated an efficient synthesis of silver nanoparticles with narrow peak (monodispersive) showing blue-shift, which indicates the small sized nanoparticles (Figure 3) , while other species showed the broad peaks indicating the formation of polydispersive silver nanoparticles with red-shift ( Figure S1a-j) . On the basis of UV-Vis spectrophometric analysis and stability of silver nanoparticles (studied using UV-Vis spectrophotometric analysis), six species, viz., F. graminearum, F. solani, F. oxysporum, F. culmorum, F. scirpi and F. tricinctum were selected for the further characterization (XRD, NTA, TEM, and ZetaSizer).
XRD analysis was carried out for all six species of Fusarium including F. graminearum, F. solani, F. oxysporum, F. culmorum, F. scirpi, F. tricinctum and the samples produced by the 6 species were observed at Figure 4 showed the powder X-ray diffractometry pattern reported for silver nanoparticles synthesized from F. oxysporum.
Nanoparticle tracking and analysis (NTA) was carried using NanoSight LM-20 for all the selected six Fusarium species. It is used to measure the dispersion characteristics, i.e. size and distribution. NTA was assessed in-depth due to its ability to measure the size of particles individually on a particle-by-particle basis. NTA allows individual nanoparticles in a suspension to be microscopically visualized and their Brownian motion to be separately but simultaneously analyzed, from which the particle size distribution can be obtained. The average size and concentration of silver nanoparticles recorded from NTA analysis have been shown in Table 1 .
The small-sized nanoparticles were synthesized by F. oxysporum (24 nm) followed by F. culmorum (38 nm), F. solani (39 nm), F. graminearum (42 nm), F. scirpi (43 nm) and F. tricinctum (45 nm) . Figure S2 shows the particle size distribution histograms. Many earlier reports suggested that NTA is one of the suitable analysis procedures for the determination of size and concentration of nanoparticles. 62 It is well known that the metal nanoparticles of size ranging from 2 to 100 nm exhibit strong but broad surface plasmon peak. With the increase in the particle size, the optical absorption spectra of metal nanoparticles that are dominated by surface plasmon resonances (SPR) shift towards longer wavelengths. The position of absorption band also strongly depends upon dielectric constant of the medium and surface-adsorbed species. 63 Mock et al. 64 in their study on effects of shape in plasmon resonance of individual colloidal AgNPs concluded that the geometrical shape of a nanoparticle plays an important role in determining the plasmon resonance, while the spectrum red-shifts with increasing particle size.
In the present study, on comparing the absorbance of colloidal silver nanoparticles with their size determined by NTA analysis reveals that with the increase in the particle size, the absorbance spectra shifts towards longer wavelength. Of the 6 Fuasrium species, the highest absorbance was shown by F. tricinctum at 435 nm with largest particle size of 45 nm, while the lowest absorbance was exhibited by F. oxysporum with smallest particles size (24 nm). Therefore, in general it can be concluded that larger the particle size, the higher the wavelength for absorbance due to surface plasmon resonanace. This clearly indicated that for smaller size particles blue shift, and for larger size of particles red shift in the spectrum was observed with exception of F. graminearum.
Further, TEM analysis was also carried out to find out the shape and size of silver nanoparticles produced by six selected Fusarium species, which confirmed the spherical shape of synthesized silver nanoparticles. The size of nanoparticles synthesized by all species was in the range of 2-68 nm ( Figure 5 ). Silver nanoparticles synthesized by F. oxysporum showed size range 2-42 nm with the smallest average size of 15 nm, while F. solani synthesized comparatively larger sized nanoparticles in the range of 9-68 nm with the largest average size of 39 nm amongst the Fusarium sps., F. tricinctum showed an average size of 20 nm, which is higher than the average size of nanoparticles synthesized by F. oxysporum, However, the former showed narrow size dispersion as compared to F. oxysporum. Finally, zeta potential was measured to detect the charges acquired by the silver nanoparticles present in medium. High zeta potential indicates the repulsive force and it resists the aggregation of nanoparticles, which helps in the particles stability. In our study, the zeta potential of nanoparticles was found to be negative, which might be due to the protein capping on nanoparticles. The greater the zeta potential, the greater the stability of nanoparticles in the colloidal state. The silver nanoparticles formed by F. tricinctum showed highest negative zeta potential while thenanoparticles synthesized from F. culmorum demonstrated the lowest zeta potential among all species tested (Table 2 ).
Conclusions
All the 11 different Fusarium species isolated from infected fruits, vegetables and food grains have potential for the formation of silver nanoparticles, which adds to the knowledge about fungal sources that synthesise silver nanoparticles efficiently. Data concerning characterization of silver nanoparticles revealed that six Fusarium species synthesized particles with small size, which indicates their importance in synthesis of novel nanoparticles. Furthremore, the synthesis of silver nanoparticles by F. graminearum, F. scirpi, and F. tricinctum is being reported for the first time. 
